SYNOPSIS This paper describes the value in diagnosis and the clinical implications of the detection of pneumococcal antigen in patients with lobar pneumonia. Ninety-eight patients with lobar pneumonia were investigated. Pneumococcal antigen was detected by counter-current immunoelectrophoresis in the sputum of 790% of patients with purulent sputum, in the serum of 290% of the patients, and in the urine of 54% of the patients. The diagnostic value of counter-current immunoelectrophoresis was not affected by prior antibiotic therapy. Patients with antigenaemia had a higher incidence of complications than those without as shown by an association between antigenaemia and jaundice, diarrhoea, and persistent pyrexia. Antigen persisted in the circulation for at least seven days in half the patients studied, possibly indicating the development of immunological tolerance to the polysaccharide antigen.
Lobar pneumonia continues to be a major medical problem throughout the world, despite the introduction of antibiotics. In many parts of the tropics pneumonia is the commonest cause of admission to hospital adult medical wards (Shaper and Shaper, 1958; Young, 1959; Gove, 1967; Riley, 1973) . Diplococcus pneumoniae is the commonest causative organism in the tropics but in temperate countries infection with other organisms, which may be penicillin resistant, accounts for an increasing number of cases of lobar pneumonia (Barrett-Connor, 1971 ). Identification of the causative organism of lobar pneumonia is important in ensuring that an effective antibiotic is given. A certain diagnosis of pneumococcal pneumonia can at present only be made if the organism is cultured from the blood. The presence of numerous Gram-positive diplococci in the sputum is strongly suggestive of pneumococcal infection but is not often found; more usually a mixture of Grampositive diplococci and other organisms is seen. Culture of sputum in lobar pneumonia is of little value because of contaminating pharyngeal organisms (Laurenzi, Potter, and Kass, 1961) . Even when numerous Gram-positive diplococci are seen in the sputum the pneumococcus is not often grown (Lepow, Balassanian, Emmerich, Roberts, Rosenthal, and Wolinsky, 1968 ) and a sputum isolation rate of only 45 % was obtained in a series of patients with proven bacteraemic pneumococcal pneumonia (Fiala, 1969) . Transtracheal aspiration Received for publication 18 November 1974. offers a useful means of differentiating between upper and lower respiratory tract organisms but is not completely without risk (Ries, Levison, and Kaye, 1974) . Prior antibiotic treatment is a common cause of failure to make a definitive bacteriological diagnosis in patients with pneumonia (Spencer and Philp, 1973) .
In 1917 Dochez and Avery demonstrated the presence of type-specific polysaccharide antigen in the serum of patients with pneumococcal pneumonia using precipitin tubes. Interest in this finding has been reawakened by the discovery that small amounts of polysaccharide bacterial antigens can readily be detected in biological fluids by countercurrent immunoelectrophoresis (CIE) . Pneumococcal antigen can be detected by counter-current immunoelectrophoresis in the cerebrospinal fluid of patients with pneumococcal meningitis (Coonrod and Rytel, 1972; Whittle, Tugwell, Egler, and Greenwood, 1974) and in the serum and urine of patients with pneumococcal lobar pneumonia (Dorff, Coonrod, and Rytel, 1971; Coonrod, and Rytel, 1973) . In this study we have compared counter-current immunoelectrophoresis of sputum, blood, and urine with routine tests in the bacteriological diagnosis of lobar pneumonia. We have also studied the clinical implications of pneumococcal antigenaemia in patients with this disease.
by radiography admitted to Ahmadu Bello University Teaching Hospital, Zaria, Nigeria, during a four-month period were studied. Ninety-eight patients, who were all Nigerians, were investigated. Seventy patients were male and 28 female. Their mean age was 31-7 years with an age range of 10 to 74 years. Six patients had received penicillin injections before admission to hospital. Four patients died.
Forty patients with proven pulmonary tuberculosis and 30 healthy adult Nigerians attending hospital for routine medical examinations acted as controls.
SAMPLES
Sputum, blood, and urine samples were collected from the patients with lobar pneumonia on admission and from the patients with pulmonary tuberculosis shortly after admission. Blood, urine, and nasopharyngeal swabs were collected from the healthy controls on presentation for routine medical examination. Samples for counter-current immunoelectrophoresis were stored at -20°C until tested. Serum samples from 23 patients with initial anticurrent immunoelectrophoresis in 42 of 53 purulent genaemia were retested one week after the start of sputum specimens from patients with lobar pneu-antibiotic therapy; 12 were still positive. Serum was monia but in only three of 40 purulent specimens obtained from five of these 12 patients a week later; from patients with tuberculosis (p = 0 001). Speci-all were still positive. Three of these five patients mens from five patients who had received prior were seen again three weeks after the start of treatantibiotics were all positive. Ten negative sputa were ment and were found to be still antigen positive. sonicated, frozen and thawed six times and retested; none were positive. Antigen was detected in 35 of Urine 53 Todd-Hewitt broth cultures inoculated with Antigen was detected in the urine of 42 patients with sputum from patients with lobar pneumonia but also lobar pneumonia (table II) . Antigen was detected in a high proportion of broth cultures from tuber-in 30 routine samples, in 11 more samples after culous sputa and in a high proportion of broth concentration with Lyphogel, and in one of 10 cultures from normal nasopharyngeal swabs (table I) . further negative samples after negative pressure dialysis. Antigen was found in the urine of five of Blood six patients who had received antibiotics. Antigen Pneumococci were isolated from blood cultures was not detected in the concentrated urine of patients from 20 of 98 patients with lobar pneumonia. with tuberculosis or in the urine of the normal Pneumococcal antigen was detected by counter-controls. current immunoelectrophoresis in 27 of 98 initial blood samples from patients with lobar pneumonia Plearal fluid (table II) (Verhoef and Jones, 1974) . The discriminant value of counter-current immunoelectrophoresis is lost if the test is applied to broth cultures, presumably due to the high prevalence of small numbers of pneumococci in the upper respiratory tract of normal subjects. Twenty-nine per cent of our patients with lobar pneumonia had pneumococcal antigen in the serum and 54 % had antigen in the urine, similar figures to those obtained in a series of 30 patients studied in the United States (Coonrod and Rytel, 1973) . Ten of our patients with antigenaemia had a negative blood culture (taken before the administration of antibiotics) in contrast to the findings in another study in which all antigenaemic patients had a positive blood culture (Kenny, Wentworth, Beasley, and Foy, 1972) . Antigenaemia without a positive blood culture was, however, found by Coonrod and Rytel (1973) . It seems likely that antigen may sometimes reach the circulation from bacteria rapidly multiplying within consolidated lung without there necessarily being division of bacteria within the circulation. Unlike conventional bacteriology the diagnostic efficiency of counter-current immunoelectrophoresis is not impaired by administration of antibiotics before presentation at hospital a common occurrence in developed countries. Antigen was detected in purulent sputum from five of our six patients who had received penicillin before reaching hospital and was found in pleural effusions from patients developing this complication whilst receiving antibiotic therapy.
The type of pneumococcus causing lobar pneumonia is of interest to the clinician because the course of the infection varies with different pneumococcal types (Austrian, 1968 Previous studies (Dochez and Avery, 1917; Bukantz, DeGara, and Bullowa, 1942; Coonrod and Rytel, 1973) have suggested that the presence of large quantities of pneumococcal antigen in the blood or urine is a poor prognostic sign. Our findings are in agreement with these observations, for the two patients with the highest initial antigen titres died, and a positive correlation was found between antigenaemia and jaundice, diarrhoea, and prolonged pyrexia. Persistent antigenaemia was observed in some of our patients but not as frequently as in a group studied in the United States (Kenny et al, 1972) . Persistent antigenaemia in pneumococcal infection contrasts with the situation observed in meningococcal infection in which we have never observed persistence of antigen for longer than a week after the onset of the illness (Whittle, Greenwood, Davidson, Tomkins, Tugwell, Warrell, Zalin, Bryceson, Parry, Brueton, Duggan, Oomen, and Rajkovic, 1974) . It is possible that antigen is slowly released into the circulation over a period of weeks from sequestered sites in the lungs. However, these findings suggest that in man, as in experimental animals, pneumococcal polysaccharides can induce tolerance. It has been shown that injection of large doses of type 3 pneumococcal polysaccharide into mice leads to the persistence of antigen in the circulation and the production of almost complete immune paralysis (Howard, 1969 ). However it was not possible to detect tolerance to the antigen at a cellular level. It is possible that initially some free antibody is formed but that this is rapidly complexed with the persistent antigen. It would be interesting to know whether a similar form of tolerance occurs in man and we are currently investigating the antibody response of patients with and without persistent antigenaemia. It is of interest that the apparent development of tolerance to pneumococcal polysaccharide does not prevent a slow but satisfactory clinical recovery.
In spite of the frequent occurrence of antigenaemia in patients with pneumococcal pneumonia immune complex disease, with the possible exception of the nephrotic syndrome (Cameron, 1972) , is not a feature of this infection. Pneumococcal disease thus contrasts sharply with meningococcal infection in which antigenaemia is less frequent but often associated with the development of allergic arthritis and vasculitis (Whittle, Abdullahi, Fakunle, Greenwood, Bryceson, Parry, and Turk, 1973) indicating important differences in the immune response of man to meningococcal and pneumococcal polysaccharides. 
